TREVOR H. KIRKHAM' AND DAVID F. KAMIN2 From The National Hospital, Queen Square, London SYNOPSIS This is the first reported case of Wilson's disease where a global defect of saccadic eye movements has been documented by electro-oculography. The defect of rapid eye movements is discussed in relation to current anatomical, pathological, and experimental work relating to the descending frontobulbar saccadic eye movement system. It is suggested that the caudate nucleus pathology in Wilson's disease might be responsible for the defect of saccadic movement by interrupting a descending polysynaptic pathway.
Abnormalities of ocular movements have rarely been described in Wilson's disease; indeed, their absence was stressed by Wilson (1912) . This report concerns a patient with Wilson's disease in whom there was a total loss of saccadic eye movements but with preservation of smooth pursuit movements.
CASE REPORT
A 22 year old white male (A43580) suffering from Wilson's disease was admitted to the National Hospital because of deterioration of his neurological status despite treatment with penicillamine.
Intellectual and physical development had been normal until the age of 13 years when progressive difficulty with gait and performance of fine manual tasks commenced. Investigation was precipitated by a fall downstairs at the age of 17 years, and he was first examined at the National Hospital in 1968. At that time he was noted to have a fixed facial expression, speech difficulty, general rigidity, and a tremor of the arms which was worsened by purposeful movement. Kayser-Fleischer rings were present. The ocular movements were reported as normal apart from deficient convergence. There was no family history of Wilson's disease. Laboratory evaluation showed a serum copper of 50 jig/100 ml. and caeruloplasmin of 9-9 mg/100 ml.
The 24 hour urinary copper excretion averaged 800 ,ug in a urinary volume of 2,400 ml. Normal values are: serum copper 85-115 ,tg/100 ml.; caeruloplasmin 20-35 mg/100 ml.; 24 hour urinary copper excretion 0-50 jig (Cumings, 1968 Peak angular velocities of eye movements during horizontal ocular saccades were measured by electrooculography. The apparatus used has been described by Hood (1968 (Hoyt and Daroff, 1971) and experimental (Robinson and Fuchs, 1969) evidence that saccadic movements are generated in the frontal cortex and that smooth pursuit movements originate in the occipital cortex. The exact anatomical pathways concerned with the supranuclear control of saccadic and smooth pursuit movements are still unknown, but it is believed that the corticobulbar pathway from the frontal cortex is grouped in the anterior limb of the internal capsule and passes along the ventrolateral surface of the thalamus through the zona incerta and fields of Forel to reach the pontine paramedian reticular formation (Brucher, 1966) .
Bilateral disruption of the descending frontobulbar pathway, while sparing the occipitomesencephalic pathway, produces loss of all horizontal saccadic movement and preserves the smooth pursuit movements, vergence, the slow phase of vestibular nystagmus and oculocephalic reflexes. Hoyt and Daroff (1971) used the term 'global saccadic paralysis' to indicate total loss of saccadic movements including voluntary movement, loss of the fast phases of optokinetic and vestibular nystagmus, and loss of the rapid eye movement phase of sleep. These authors noted that vertical saccadic movements are also defective in most cases. Starr (1967) provided an example of dissociation of the saccadic from the smooth pursuit system in his study of Huntington's chorea when he demonstrated global saccadic paralysis in three of his nine patients. The cerebral lesions of Huntington's chorea involve chiefly atrophy of the caudate nucleus, putamen, and globus pallidus with reactive gliosis, and similar diffuse changes occur in the cerebral cortex, particularly the frontal lobes (McCaughey, 1961) . The pathological degeneration in Wilson's disease is similar to that in Huntington's chorea. The brunt of the damage is again borne by the putamen, globus pallidus, and caudate nucleus and widespread cortical damage has been described (Hadfield, 1923; Schulman and Barbeau, 1963 Hoyt (1969) commented that the absence of oculomotor system involvement in Wilson's disease was surprising. In the patient reported by Hadfield (1923) it was noted that there was only a flicker of both eyes in the required direction in response to command; pathologically there were extensive lesions in the frontal cortex. Heine (1933) described a patient with paralysis of upward gaze. Richter (1948) Therefore, it is apparent that global saccadic paralysis may be an occasional feature of both Wilson's disease and Huntington's chorea. Starr (1967) suggested that the caudate nucleus might be intimately related to the saccadic eye movement system and the possibility that subcortical structures could initiate voluntary eye movements is discussed by Troost et al. (1972) .
Electro-oculographic recordings (Dix et al., 1971) have confirmed defective saccadic eye movements in progressive supranuclear ophthalmoplegia, where the pathology affects neurones rather than axons (Steele et al., 1964) and abnormalities, particularly of vertical gaze, have been stressed in patients with lipid storage disease (Sanders and Wybar, 1970; Grover and Naiman, 1971; Neville et al., 1973) . There is mounting evidence that the descending frontobulbar saccadic pathway may be polysynaptic. This is suggested by the anatomical studies of Astruc (1971) and by the conflicting results of studies on delay in the oculomotor system (Robinson and Fuchs, 1969; Zuber, 1969 The marked deficiency of convergence in the present patient deserves comment. Vergence may be organized within the occipital cortex via connections across the corpus callosum (Westheimer and Mitchell, 1969; Mitchell and Blakemore, 1970) . Conceivably minimal lesions within the occipital cortex or descending occipitomesencephalic pathways could disrupt vergence without interfering with smooth pursuit movements. The main stimulus to vergence movement must be considered to be a voluntary input which renders interpretation of observed movements difficult. The explanation for the loss of convergence in the present patient must therefore remain an open question.
